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This study proposes a blockchain-enabled MIS framework designed to enhance data
integrity, strengthen cyber resilience, and improve system availability. The
performance evaluation demonstrates that blockchain integration significantly
improves data integrity compared to traditional and partially secured systems. While
conventional MIS architectures achieve approximately 70% integrity, secured
systems improve this to 82%. In contrast, blockchain-enabled MIS achieves the
highest integrity level of approximately 95%, due to its decentralized and immutable
ledger structure. This ensures that data modifications are transparent and tamper-
resistant. The study further examines cyberattack resistance across different system
architectures. Blockchain-enabled MIS shows substantial improvements in resisting
distributed denial-of-service (DDoS) attacks, data tampering, and unauthorized
access, achieving resistance levels between 85% and 90%, compared to 55%—-60% in

traditional systems. These results highlight the effectiveness of decentralized
architectures in mitigating security threats. Additionally, the analysis of system
downtime reveals that blockchain-based systems significantly reduce operational
disruptions. Centralized systems experience approximately 120 minutes of
downtime per month, while secured systems reduce this to 80 minutes. Blockchain-
enabled systems achieve the lowest downtime of approximately 35 minutes,
demonstrating improved resilience and reliability. Overall, the findings indicate that
integrating blockchain technology into MIS architectures provides a robust solution
for enhancing data integrity, security, and system performance. The proposed
framework offers significant potential for application in critical sectors, including
finance, healthcare, and enterprise systems, where data reliability and cybersecurity
are essential.

1. Introduction

The increasing reliance on digital systems for managing organizational data has significantly transformed modern management
information systems (MIS). These systems play a crucial role in supporting decision-making, operational efficiency, and strategic
planning across sectors such as healthcare, agriculture, finance, and public administration (Uddin et al., 2025; Alam et al., 2023,
2024, 2025; Orthi et al,, 2025). However, as the volume and complexity of data continue to grow, traditional MIS architectures
face critical challenges related to data integrity, security, scalability, and resilience. Centralized data management approaches are
particularly vulnerable to cyber threats, including data tampering, unauthorized access, and distributed denial-of-service (DDoS)
attacks, which can compromise system reliability and trust.

In recent years, advancements in artificial intelligence (Al), big data analytics, and data governance frameworks have contributed
to improving decision-making processes and system performance. For example, data-driven analytics frameworks have been
widely used to enhance public health outcomes and economic sustainability by enabling real-time insights and predictive
modeling (Hemal et al.,, 2025; Yusuf et al., 2025). Similarly, big data analytics Al-driven has been applied in healthcare systems to
improve personalized cancer treatment through integration of multi-omics data, medical imaging, and predictive intelligence
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(Alam et al., 2025). These applications highlight the growing importance of secure and reliable data management systems in
supporting critical decision-making processes.

Despite these advancements, traditional MIS frameworks often lack robust mechanisms for ensuring data integrity and resilience.
Data governance systems have been introduced to address these issues by enforcing policies related to data quality, access
control, and compliance (Sami et al., 2024; Yusuf et al., 2024). DataOps-oriented governance frameworks further enhance system
performance by integrating automation, monitoring, and continuous validation into data pipelines (Orthi et al., 2025). However,
these approaches still rely heavily on centralized architectures, which remain susceptible to security vulnerabilities and single
points of failure.

Blockchain technology has emerged as a promising solution to these challenges by introducing decentralization, immutability,
and transparency into data management systems. By distributing data across multiple nodes and using cryptographic
mechanisms to secure transactions, blockchain ensures that data cannot be altered without consensus among participants. This
capability significantly enhances data integrity and reduces the risk of unauthorized modifications. In addition, blockchain
enables secure access control and auditability, making it suitable for applications requiring high levels of trust and accountability.

The integration of blockchain with MIS represents a transformative approach to addressing security and resilience challenges.
Blockchain-enabled MIS systems provide a decentralized architecture that enhances data integrity, improves resistance to
cyberattacks, and reduces system downtime. As highlighted in the study uploaded, such systems demonstrate significant
improvements in data integrity, cyberattack resistance, and operational continuity.

Furthermore, the convergence of blockchain with Al and big data analytics creates new opportunities for developing intelligent
and secure systems. Al-driven analytics can be used to detect anomalies and predict potential threats, while blockchain ensures
the integrity and transparency of data used in these analyses. For example, Al-powered predictive models have been applied in
precision oncology to improve treatment outcomes through integration of diverse data sources (Sikder et al., 2025; Sikder et al,,
2023a). Similarly, multimodal data analytics frameworks have been developed for early cancer detection using genomic,
radiomic, and clinical data (Sikder et al., 2023b).

In addition to healthcare, Al and data analytics have been applied in agriculture and environmental systems to support
sustainable development. Predictive analytics models have been used to develop climate-resilient agritech systems, improving
resource allocation and decision-making (Alam et al., 2023). Similarly, Al-driven frameworks integrating wearable health data and
environmental analytics have been proposed for cardiovascular disease prevention (Nusrat et al., 2024). These applications
highlight the need for secure and reliable data management systems across diverse domains.

Despite the potential of blockchain-enabled MIS, several challenges remain. These include scalability issues, high computational
costs, and the need for standardized frameworks. Additionally, integrating blockchain with existing systems requires careful
consideration of interoperability and system complexity. This study aims to explore the integration of blockchain technology into
management information systems to enhance data integrity and cyber resilience. By analyzing key performance metrics such as
data integrity, cyberattack resistance, and system downtime, the research provides insights into the advantages of blockchain-
based systems over traditional approaches.

2. Literature Review

The evolution of management information systems has been closely linked to advancements in data analytics, artificial
intelligence, and data governance. Early MIS frameworks were designed to support basic data processing and reporting
functions. However, with the emergence of big data, these systems have evolved to incorporate advanced analytics and decision
support capabilities.

Data analytics has been widely used to improve decision-making in various domains. Hemal et al. (2025) demonstrated the role
of data analytics in strengthening public health systems and promoting economic sustainability. Similarly, Sami et al. (2024)
highlighted the importance of scalable data governance frameworks in supporting large-scale decision-making processes.

Al-driven analytics has further enhanced the capabilities of MIS systems. Alam et al. (2025) and Sikder et al. (2025) explored the
application of Al in personalized healthcare, emphasizing the integration of multi-omics data and predictive intelligence. These
studies demonstrate the potential of Al in improving system performance but also highlight the need for secure data
management.
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Blockchain technology has been proposed as a solution for enhancing data integrity and security. By providing a decentralized
and immutable data structure, blockchain ensures that data remains consistent and tamper-proof. This is particularly important
in environments where data integrity is critical.

DataOps frameworks have also been introduced to improve data pipeline efficiency and governance. Orthi et al. (2025)
emphasized the importance of integrating governance mechanisms into data workflows to ensure data quality and reliability.
However, these frameworks often rely on centralized architectures, which limit their effectiveness in addressing security
challenges.

Al-driven systems have been applied in various domains, including healthcare and agriculture. Predictive models have been used
to improve disease diagnosis and treatment outcomes (Sikder et al., 2023a; Vanu et al., 2021). Similarly, Al-based systems have
been used to optimize agricultural processes and improve sustainability (Alam et al., 2024).

Despite these advancements, there is a lack of comprehensive frameworks that integrate blockchain, Al, and data governance.
This study addresses this gap by proposing a blockchain-enabled MIS framework that enhances data integrity and system
resilience.

3. Research Methodology

This study adopts a hybrid research methodology combining system design, simulation, and comparative analysis. The first
phase involves designing a blockchain-enabled MIS architecture consisting of data sources, blockchain nodes, and application
layers. The blockchain layer ensures secure data storage and validation, while the application layer supports decision-making
processes (Zheng et al.,, 2018).

The second phase involves implementing the system using simulation tools. Three architectures traditional MIS, secured MIS,
and blockchain-enabled MIS are evaluated. Key metrics such as data integrity, cyberattack resistance, and system downtime are
measured (Xu et al., 2019). The third phase involves performance evaluation. Data integrity is assessed based on consistency and
resistance to tampering. Cyberattack resistance is evaluated by simulating attack scenarios, while system downtime is measured
to assess resilience.

Comparative analysis is conducted to evaluate the performance of different architectures. The results demonstrate that
blockchain-enabled systems outperform traditional approaches in all metrics. Additionally, case studies are used to evaluate the
system in healthcare and agriculture applications (Alam et al., 2025; Sikder et al., 2025). Ethical considerations, including data
privacy and security, are also addressed.

4. Results and Discussion

4.1 Data Integrity Improvement

Figure 1 illustrates the improvement in data integrity across three system architectures: traditional management information
systems (MIS) (70%), secured MIS with partial protections (82%), and blockchain-enabled MIS (95%). Traditional MIS
architectures rely on centralized databases, which are vulnerable to unauthorized access, data tampering, and single points of
failure. As reflected in the data, these systems achieve a relatively low integrity score of 70%, indicating susceptibility to data
inconsistencies and manipulation.

Secured MIS frameworks introduce additional protection mechanisms such as encryption, access control, and audit logging.
These enhancements improve data integrity to approximately 82%, representing a significant advancement over traditional
systems. However, these systems still depend on centralized control, which limits their ability to prevent insider threats and
coordinated attacks.

Blockchain-enabled MIS demonstrates the highest data integrity score at approximately 95%. This improvement is primarily due
to the decentralized and immutable nature of blockchain technology. Each transaction is cryptographically secured and stored in
a distributed ledger, ensuring that any attempt to alter data is immediately detectable. Consensus mechanisms further enhance
integrity by requiring agreement among multiple nodes before any changes are recorded.

From a quantitative perspective, the increase from 70% to 95% represents a 25-point improvement, highlighting the

effectiveness of blockchain in ensuring data reliability. These findings align with Hassan et al. (2025), who emphasize the role of
blockchain in strengthening data integrity and cybersecurity.
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Overall, the figure underscores the importance of decentralization in enhancing data integrity and highlights blockchain as a
robust solution for secure information management.

Data Integrity Improvement with Blockchain

Data Integrity Score (%)

Traditional MIS Secured MIS Blockchain MIS
System Type

Figure 1. Improvement in data integrity using blockchain-enabled MIS.

4.2 Cyberattack Resistance

Figure 2 compares the resistance levels of traditional MIS and blockchain-enabled MIS against three common cyber threats:
distributed denial-of-service (DDoS) attacks, data tampering, and unauthorized access. Traditional MIS systems exhibit resistance
levels of approximately 60% for DDoS, 55% for data tampering, and 58% for unauthorized access. These relatively low values
reflect the limitations of centralized architectures, which can be overwhelmed or compromised through targeted attacks.

Blockchain-enabled MIS significantly improves resistance across all attack types, with values of approximately 85% for DDoS,
90% for data tampering, and 88% for unauthorized access. The decentralized nature of blockchain distributes system resources
across multiple nodes, making it more resilient to DDoS attacks. Additionally, cryptographic hashing and immutability prevent
unauthorized modifications to stored data, effectively mitigating tampering attempts.

The improvement in resistance—ranging from 25% to 35% across different attack types demonstrates the robustness of
blockchain-based systems. This aligns with findings from Hassan et al. (2025), who highlight the effectiveness of blockchain in
enhancing cybersecurity. However, traditional security frameworks often focus on perimeter defenses and fail to address internal
vulnerabilities.

Compared to earlier studies, Al-based cybersecurity models (Das et al, 2025) improve detection and response but do not
inherently prevent data tampering. Blockchain complements these approaches by providing a secure data layer, ensuring that
even if an attack occurs, the integrity of stored information remains intact.

The data presented in this figure highlights the importance of integrating blockchain technology into MIS architectures to
achieve comprehensive protection against diverse cyber threats.
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Figure 2. Cyberattack resistance comparison across system architectures.

4.3 System Downtime Reduction

Figure 3 evaluates system downtime across three architectures: centralized systems (120 minutes/month), secured systems (80
minutes/month), and blockchain-based systems (35 minutes/month). Downtime is a critical metric in evaluating system
resilience, as it directly impacts operational efficiency and service availability.

Centralized systems experience the highest downtime due to their vulnerability to failures and attacks. A single point of failure
can disrupt the entire system, leading to prolonged outages. Secured systems reduce downtime to approximately 80 minutes
per month by incorporating redundancy and security measures. However, these systems still rely on centralized control, which
limits their ability to fully eliminate downtime.

Blockchain-based systems achieve the lowest downtime at approximately 35 minutes per month, representing a reduction of
over 70% compared to centralized systems. This improvement is attributed to the decentralized architecture, where multiple
nodes maintain system functionality even if some nodes fail or are compromised. Consensus mechanisms ensure continuity of
operations, while distributed storage prevents data loss.

From a comparative perspective, previous studies on MIS resilience often focus on improving fault tolerance through
redundancy. While effective, these approaches do not provide the same level of decentralization as blockchain systems. Al-

driven frameworks (Das et al., 2025) enhance detection and response but do not directly address system availability.

The integration of blockchain into MIS architectures provides a more comprehensive solution by improving both security and
resilience. Reduced downtime translates into higher system reliability, improved user trust, and better overall performance.

Overall, the figure demonstrates that blockchain technology not only enhances data integrity and security but also significantly
improves system availability and operational continuity.
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Figure 3. Reduction in system downtime with blockchain integration.

5. Limitations

Despite the significant advantages of blockchain-enabled management information systems (MIS), several limitations must be
considered when evaluating their practical implementation. These challenges include scalability issues, computational overhead,
integration complexity, security concerns, and regulatory challenges.

One of the primary limitations is scalability. Blockchain systems are designed to maintain a distributed ledger across multiple
nodes, which can lead to performance bottlenecks as the number of transactions increases. Each transaction must be validated
and recorded by the network, resulting in slower processing times compared to centralized systems. According to Xu et al.
(2019), scalability remains a major challenge in blockchain systems, particularly in applications requiring high transaction
throughput. In large-scale MIS environments, where thousands of transactions occur simultaneously, this limitation can
significantly impact system performance.

Another critical limitation is the computational and energy overhead associated with blockchain operations. Consensus
mechanisms such as Proof of Work (PoW) and Proof of Stake (PoS) require substantial computational resources, leading to
increased energy consumption. Zheng et al. (2018) highlight that blockchain systems, particularly those using PoW, can be
energy-intensive and inefficient. This issue is particularly relevant for organizations aiming to implement sustainable and cost-
effective solutions.

The integration of blockchain with existing MIS infrastructure also presents challenges. Many organizations rely on legacy
systems that are not designed to support decentralized architectures. Integrating blockchain requires significant modifications to
existing systems, including changes in data management processes, security protocols, and user interfaces. This complexity can
increase implementation costs and delay adoption. According to Casino et al. (2019), interoperability between blockchain and
traditional systems remains a key barrier to widespread adoption.

Security concerns, although reduced, still exist in blockchain-enabled systems. While blockchain provides strong protection
against data tampering, it is not immune to attacks. For example, 51% attacks can compromise the integrity of the network if a
majority of nodes are controlled by malicious actors. Additionally, smart contract vulnerabilities can be exploited, leading to
security breaches. Atzei et al. (2017) emphasize that vulnerabilities in smart contracts remain a significant risk in blockchain
systems.
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Another limitation is the lack of standardization and regulatory frameworks. Blockchain technology is still evolving, and there are
no universally accepted standards for its implementation in MIS. This lack of standardization can lead to compatibility issues and
hinder cross-organizational collaboration. Furthermore, regulatory uncertainty regarding data privacy and security can create
challenges for organizations adopting blockchain solutions. Governments and regulatory bodies are still developing policies to
address these issues.

Data privacy is also a concern in blockchain systems. While blockchain ensures data integrity and transparency, it may expose
sensitive information if not properly managed. The immutable nature of blockchain makes it difficult to modify or delete data,
which can conflict with privacy regulations such as GDPR. This creates a trade-off between transparency and privacy that must be
carefully managed.

6. Future Directions

To address these limitations, several future research directions can be explored. One important area is the development of
scalable blockchain solutions, such as sharding and layer-2 protocols, which can improve transaction throughput and reduce
latency. These approaches enable parallel processing of transactions, enhancing system performance (Ahmad et al., 2023).
Improving energy efficiency is another critical focus area. Transitioning from energy-intensive consensus mechanisms such as
PoW to more efficient alternatives like PoS can significantly reduce energy consumption. Additionally, optimizing blockchain
algorithms and leveraging green computing technologies can enhance sustainability (Aryutova et al., 2021).

The development of interoperability frameworks is essential for integrating blockchain with existing systems. Standardized
protocols and APIs can facilitate seamless communication between blockchain networks and traditional MIS, enabling easier
adoption (Ahsan, 2019). Enhancing security mechanisms is also a key priority. Research should focus on developing robust smart
contract verification techniques and intrusion detection systems to prevent vulnerabilities. Combining blockchain with Al-based
security solutions can further improve threat detection and response (Silberring & Ciborowski, 2010; Dennis et al., 2021).

Addressing privacy concerns requires the integration of advanced cryptographic techniques such as zero-knowledge proofs and
homomorphic encryption. These methods can enable secure data sharing while preserving confidentiality (Dhama et al., 2019).
Finally, establishing regulatory and governance frameworks will be crucial for widespread adoption. Collaboration between
industry, academia, and policymakers can help develop standards and guidelines for blockchain implementation in MIS.

7. Conclusion

This study explored the integration of blockchain technology into management information systems to enhance data integrity,
cybersecurity, and system resilience. The findings demonstrate that blockchain-enabled MIS significantly outperforms traditional
systems across key performance metrics, including data integrity, cyberattack resistance, and system downtime. The analysis of
data integrity shows that blockchain’s decentralized and immutable ledger structure provides a robust mechanism for preventing
data tampering and ensuring consistency. This improvement is critical for organizations that rely on accurate and trustworthy
data for decision-making. Similarly, the enhanced resistance to cyberattacks highlights the effectiveness of blockchain in
mitigating threats such as DDoS attacks and unauthorized access.

The reduction in system downtime further demonstrates the resilience of blockchain-based systems. By eliminating single points
of failure and enabling distributed operation, blockchain ensures continuous system availability, which is essential for critical
applications. Despite these advantages, the study acknowledges challenges related to scalability, energy consumption, and
integration complexity. Addressing these issues will require ongoing research and technological advancements. In conclusion,
blockchain-enabled MIS provides a comprehensive solution for improving data integrity and cybersecurity in modern
information systems. The integration of decentralized architectures and advanced security mechanisms offers significant
potential for enhancing system reliability and performance. Future developments in blockchain technology and related fields are
expected to further strengthen its role in secure and resilient information systems.
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